The X-ray bone images are extensively used by the medical practitioners to detect the minute fractures as they are painless and economical compared with other imaging modalities. Edge detection of X-ray bone image is very useful for the medical practitioners as it provides important information for diagnosis which, in turn, enables them to give better treatment decisions to the patients. This paper proposes design and implementation of non-perfect reconstruction biorthogonal wavelet for the edge detection of X-ray images. The non-perfect reconstruction biorthogonal wavelet NPR Zbo6.5 wavelet performs well in detecting the edges with better quality. The simulation results show that the non-prefect reconstruction biorthogonal wavelet is effective and accurate. The non-perfect reconstruction biorthogonal wavelet is superior to perfect reconstruction (PR) biorthogonal wavelet for edge detection of X-ray images. The various performance metrics like ratio of edge pixels to size of an image (REPS), peak signal to noise ratio (PSNR) and computation time are compared for various biorthogonal wavelets.
Introduction
Now-a-days X-rays are playing very important role in medicine. One of the most important applications of X-ray is detecting fractures in bones. X-ray provides important information on the type and location of the fracture. Sometimes it is not possible to detect the fractures in X-rays with naked eye. So it needs further processing to detect the fractures even at minute levels. The wavelet transforms are used for edge detection because it has the advantage of detecting edges using different scales. The main aim of the proposed method is to design new non-perfect reconstruction biorthogonal wavelet which is used to detect minute fractures, in turn, it helps medical practitioners to study the bone structure, detects the bone fracture, measurement of fracture treatment and treatment planning prior to surgery.
Edge detection of X-ray bone image is very useful for the medical practitioners as it provides important information for diagnosis which, in turn, enables them to give better treatment decisions to the patients. Presently digital images are increasingly used by medical practitioners for disease diagnosis. The images are produced by several medical equipments such as MRI, CT, ultrasound and X-ray. Out of these, X-ray is the oldest and frequently used devices, as they are painless and economical (Mahendran and Santosh, 2011) . The X-ray images are used during various stages of treatment that include fracture diagnosis and treatment. The purpose of X-ray image analysis techniques is to access bone content and bone structure (Qiang et al., 2010; Benedetto and Li, 1998) . Edge detection is mainly meant for detecting meaningful discontinuities in the grey level (Verma et al., 2009; Qiang et al., 2009; . When image is acquired, the factors such as the projection, mix and noise are produced. These factors bring blur and distortion on image features. Due to this, it is very difficult to extract image feature. Moreover, due to such factors it is also difficult to detect edge (Vanfleet, 2008) .
The most important information of an image is the edge and it recognises the particular objects. It also gives some more information such as contour and texture. The edges of the images have always been used as primitives in the field of image analysis, segmentation and object tracing. The wavelet transform is the popular method to detect the edge of an image (Ma, 2007) . It represents the signal in terms of a set of basis functions which are obtained by dilation and translation of a basic wavelet. Wavelet-based edge detection avoids the intrinsic redundancy which appears in the approaches where a Gaussian filtering is used. Differing from infinite support of a Gaussian function, a wavelet is localised in both time and frequency domains, which can bring a more accurate result in edge detection. The wavelet representation for an image corresponds to a decomposition of the image into horizontal, vertical and diagonal bands. The discrete wavelet transform (DWT) is very widely used in edge detection because it has the advantage of detecting edges using different scales.
The orthogonal wavelet transforms such as Haar, daubechies, coiflet, symlets (Walker, 2008) can be used to detect the edges of an image. But a lot of false edge information will be extracted. They are also sensitive to noise. The high frequency components of an image include both edges and noise (Feng et al., 2000) . So detecting the edge is not an easy task. Therefore, an efficient technique is to be designed based on wavelet transform is used for edge detection.
An important property of human visual system is that people are more tolerant of symmetric errors than asymmetric ones. Therefore, it is desirable that the wavelet and scaling functions are symmetric. Unfortunately, the properties of orthogonality and symmetry (Benedetto and Li, 1998) conflict each other in the design of compactly supported wavelet. Owing to this analysis, it is necessary to use symmetric biorthogonal wavelets . The biorthogonal wavelet is more advantageous compared with orthogonal wavelet because of more flexibility. As there are different properties of the wavelet such as orthogonality, symmetry and vanishing moments which can be varied (Gonzalez and Woods, 2004) , the qualities of detected edge are different. Depending upon the properties of the wavelet, the quality of the edge results would be obtained (Vidya et al., 2009) . So the design of biorthogonal wavelet with anticipant characteristics is essential to improve the edge detection results.
Biorthogonal wavelet theory
The wavelet expansion system is to be orthogonal across both translations and scale that gives a clean, robust and symmetric formulation with Parseval's theorem. It also places strong limitations on the possibilities of the system. The orthogonality has large number of the degree of freedom. It results in complicated design equations, prevents linear phase analysis and synthesis filter banks, and prevents asymmetric analysis. This develops the biorthogonal wavelet system using a non-orthogonal basis and dual basis to allow greater flexibility in achieving other goals at the expense of the energy partitioning property. Some researchers have considered 'almost orthogonal' systems where there is some relaxation of the orthogonal constraints in order to improve other characteristics . The main motivation behind in using the biorthogonal wavelet is to relax the orthogonality condition so that the symmetry can be achieved because orthogonality and symmetry is conflict each other. The symmetry property which results linear phase analysis used to detect the edges by detecting the large changes in the grey level values of the images (Khera and Malhotra, 2014) .
The design of orthonormal wavelets requires a step known as spectral factorisation, which can make the filter lengths grow. These limitations are also encountered in classical wavelet filter design, and they can be circumvented by relaxing the orthogonality condition and considering biorthogonal wavelet. Daubechies said that the only symmetric, finite length, orthogonal wavelet is the Haar wavelet (Rosca and Antoine, 2009) . While talking about the limitations of the Haar wavelet, the shorter filter length sometimes fails to detect large changes in the input data. So it necessary to design symmetric filters of length >2 (Vanfleet, 2008) . The goal is to construct two low pass filters h and h and their associated high pass filters g and . g There are two methods for the design of biorthogonal wavelet (Mallat, 2009) , i.e., multiresolution analysis (MRA) and lifting wavelet transform. Although the two methods can design biorthogonal wavelet but their realisation is limited and difficult. In the parameterised filter design of biorthogonal wavelet (Han et al., 2003) , a serial of biorthogonal wavelets can be constructed by selecting the characteristics (Chaudhury, 2009; Changzhen, 2008; Rosca and Antoine, 2009 ). The parameters can be used to adjust the designed biorthogonal wavelet. The quality of the image edge detection can appear with the different properties such as symmetry, supporting interval and vanishing moments for different wavelets .To improve the quality of the edge detection, the filter bank design is to construct biorthogonal wavelet with anticipant characteristic is crucial.
Comparison of orthogonal and biorthogonal wavelets
The biorthogonal wavelet systems generalise the classical orthogonal wavelet systems. They are more flexible and generally easy to design. The differences between the orthogonal and biorthogonal wavelet systems can be summarised as follows.
• The orthogonal wavelet filter and scaling filter must be of the same length, and the length must be even. This restriction has been greatly relaxed for biorthogonal systems.
• Symmetric wavelets and scaling functions are possible in the framework of biorthogonal wavelets. Actually, this is one of the main reasons to choose biorthogonal wavelets over the orthogonal ones.
• Parseval's theorem is no longer holds in biorthogonal wavelet systems; i.e., the norm of the coefficients is not the same as the norm of the functions being spanned. This is one of the main disadvantages of using the biorthogonal systems. Many design efforts have been devoted in making the systems near orthogonal, so that the norms are close.
Properties of biorthogonal wavelets

Scaling and wavelet functions
Let ( )
be the finite real sequences, the associated scaling functions ϕ and ϕ are, recursively, defined as
The associated wavelets ψ and ψ are defined as
where
ϕ ϕ ψ ψ forms a two band biorthogonal wavelet system .
Symmetric filters
It is possible to construct smooth biorthogonal wavelets of compact support that are either symmetric or antisymmetric. This is impossible for orthogonal wavelets, besides particular case of the Haar basis. Symmetric or antisymmetric wavelets are synthesised with perfect reconstruction filters having a linear phase. Consider all filters are finite length. If the filter length is odd, then required filter is to be symmetric about zero and when the filter length is even, the filter is symmetric about 1/2 (Gonzalez and Woods, 2004; Soman and Ramachandran, 2008) .
Symmetric filters are good for minimising the edge effects in the representation of the DWT of a function (Qiang et al., 2010) . Larger coefficients results in the false edges as the periodisation is avoided.
Orthogonality in the Fourier domain
The orthogonality conditions that the filter pairs h and , h g and g must satisfy
If H(ω) and ( ) H ω satisfy, then we have
Vanishing moments
A biorthogonal wavelet has 'm' vanishing moments (Chaudhury, 2009 ) if and only if its dual scaling function generates polynomials up to degree 'm'. Hence there is an equivalence theorem between vanishing moments and the number of zeroes of the filter's transfer functions, provided that duality has to be taken into account. Thus the following three properties are equivalent:
• The wavelet ψ has 'p' vanishing moments.
• The dual scaling function ϕ generates polynomials up to degree 'p'.
• The transfer function of the dual filter h and its 'p − 1' first derivatives vanish at w = π and the dual result is also valid. Duality appears naturally, because the filter determines the degree of the polynomials which can be generated by the scaling function, and this degree is equal to the number of vanishing moments of the dual wavelet (Qiang et al., 2010) . The number of vanishing moments of a wavelet is determined by its dual filter. It corresponds to the approximating power of the dual multi-resolution sequence. That is why, it is preferred to synthesise a decomposition filter 'h' with many vanishing moments, and possibly with a small support. This regularity increases with the number of vanishing moments, that is, with the number of zeroes of 'h'.
Perfect reconstruction biorthogonal wavelet
In multiscale edge detection process (Demigny, 2002; Zhai and Liu, 2006) , if the low pass decomposition filter is not even symmetry about zero location, the edge position will shift with scale increase. The parameterised filter-based biorthogonal wavelet can be designed by importing two kinds of parameters that is scale factors and sign, the waveform and the main characteristics of wavelet can be adjusted in detail. In edge detection the high pass decomposition filter must be even support interval and odd symmetry about 1/2 location. The sign sequence of high pass decomposition filter is monotonic. Biorthogonal filter condition is
Perfect reconstruction condition is (Qiang et al., 2010) ( ) ( ) 
The wavelet transform-based edge detection separates the edge at detail coefficients at each scale. Approximation coefficients are obtained by low pass decomposition filter. The high pass decomposition filter is used to get detail coefficients from the previous scale. This means that the high pass and low pas s decomposition filters can be designed independently and the wavelet reconstruction is not necessary. The perfect reconstruction condition of biorthogonal wavelet design can be relaxed particularly for image edge detection. The main significance of the proposed work is to design non-perfect reconstruction biorthogonal wavelet which avoids the offset value of edge location by relaxing the perfect reconstruction condition. Here, the low pass and high pass decomposition filters can be designed independently, which is support interval and symmetry of low pass and high pass decomposition filters can be selected separately (Zhu and Wang, 2010) . The high pass decomposition filter can be designed as odd symmetry about ½ location and low pass decomposition filter can be designed as even symmetry about the zero location for more accurate edge location.
The biorthogonal wavelet filter banks named 'zbo6.6' was designed previously based on perfect reconstruction condition (ZhuKhera and Lao, 2010; Qiang et al., 2009 
The filter g is odd symmetry about 1/2 location and the sign sequence meets monotonic. The property ensures wavelet 'PRZbo6.6' is good for edge detection. But its filter h is even symmetry about ½ location. In this case, the offset of edge location must occur in multiscale decomposition. In order to avoid the offset of edge location, the perfect reconstruction condition is relaxed. There are different properties of biorthogonal wavelet is to be considered for the design of non-perfect reconstruction biorthogonal wavelet for edge detection such as symmetry, support interval and vanishing moments. Figure 1 shows the block diagram of non-perfect reconstruction biorthogonal wavelet edge detection. The support interval of h is selected again, that is, the support interval of h is selected as seven. Because the low pass filter must be even symmetry, then { } { }   3  2  1  0  1  2  3   3  2  1  0  1  2  3   , , , , , , , , , , , , .
h h h h h h h h h h h h h h h
To construct even symmetry filter about zero location, the filter sequence must satisfy the filter condition and abandon the perfect reconstruction. The filter banks condition for non-perfect reconstruction is
By adjusting the factors between the filter elements, the convergence of the low pass filter may improve. In multiscale decomposition the main information of the image can attain completely. 
from equations (9)- (11) 
when the filters have the constant vanishing moments, the vanishing condition can be added into wavelet construction process. For example, the NPR biorthogonal wavelet NPR Zbo6.7 wavelet has three rank vanishing moments with support interval seven { } 3  2  1  0  1  2  3   1  3  0  0 , , , , , ,
; 20 . h h h h h h h h h h h h
If the supporting interval is seven and the vanishing moment is three the filter coefficients will be as follows:
{ }   3  3  3  3  3  3  3 , 6 , 15 , 20 , 15 , 6 , 2 {1, 6,15, 20,15, 6,1} . 64
When the supporting interval is selected as five and vanishing moment is selected as two, this wavelet is named as 'NPR Zbo6.5'
from the NPR biorthogonal wavelet we can get After applying the non-perfect reconstruction condition, apply the NPR biorthogonal wavelet transform to the image.
2 The criterion for the threshold selection is based on the values of the wavelet coefficients summation values and this value is half of the maximum value in the summation values. This threshold is adaptive. Make all the coefficients to one which are greater than the threshold and suppress the remaining coefficients to zero in the summation values.
3 Apply the inverse wavelet transform to the summation coefficients, then the edges will be detected.
Performance metrics
• Visual effects: The quality of an image is subjective and relative, depending on the observation of the user. One can only say the quality of image as good, but others may disagree.
• Ratio of edge pixels to size of an image (REPS): The edge pixels or edge points represents the strength of the image. If the pixel value of image is greater than the threshold value, then it is considered as edge pixel. REPS can be calculated by taking the ratio of number of edge pixels to the Size of an image (Rafieea, 2009 ). This result gives the information about the required percentage of pixels in order to represent the proper of edge features in the image.
No. of Edge Pixels REPS (%)= 100. Size of an image
• Peak signal to noise ratio (PSNR): PSNR is one of the parameters that can be used to quantify image quality. PSNR parameter is often used as a benchmark level of similarity between reconstructed images with the original image (Kudale and Pawar, 2010) . A larger PSNR produces better image quality. PSNR equation is illustrated below 
I(x, y) is Original Image, I′(x, y) is edge detected image.
• Computation time: It is the time taken to execute the program.
Results and discussion
In this paper, the X-ray hand image is considered to test edge detection performance of non-perfect reconstruction wavelet. In order to calculate the edge features of this image, the algorithm is implemented on MATLAB7.9. The biorthogonal based on perfect reconstruction condition, i.e., PRZbo6.6 wavelet is applied to detect the edges of bone X-ray hand image. Zbo6.6 wavelet is designed on the basis of the perfect reconstruction condition. The high pass decomposition filter bank of all wavelets is odd symmetry. The biorthogonal wavelets based on Non-perfect reconstruction condition like NPR Zbo6.7 and NPR Zbo 6.5 are applied to detect the edges of bone X-ray hand image. Figure 2 shows the images processed by these methods. The main properties of biorthogonal wavelets are shown in Table 1 . The number of edge points and REPS of various biorthogonal wavelets for different thresholds are shown in the Table 2 . The PSNR and computation time of various biorthogonal wavelets for the threshold 0.07-0.09 are shown in Table 3 . By analysing the edge detected image shown in Figure 2 , the following main features that reflects important aspects between the various wavelets.
1 Visual effects: From the Figure 2 , it is clear that the edge detected images of 'NPR zbo6.7' and 'NPRzbo6.5' wavelets are superior than PRZbo6.6 wavelet. The main features of original image can be extracted perfectly. The visual effects show that the monotonic sign is the most important property of high pass decomposition filter in edge detection.
2 Detection efficiency: The detected efficiency is normally quantified using number of edge points or ratio of edge pixels to size of an image (REPS). Although the number of edge points and REPS is less for NPR Zbo6.5 wavelet when compared with PR Zbo6.6 wavelet but visual perception is good. Though the number of edge points and REPS is high for PRZbo6.6 wavelet compared with NPR Zbo6.5 wavelet, but their visual quality is less due to false edge points. The visual quality is good for the threshold 0.07-0.09. The threshold is based on selection of low frequency and high frequency range. The edge points for NPRZbo6.7 wavelet are minimum and its visual quality is also less. The detection efficiency of 'NPRzbo6.5' wavelet is considered to be the best.
3 Accuracy of edge location: The accuracy of edge location is accurate for NPRZb06.5 and NPRZbo6.7 when compared with PRZbo6.6. Because NPRZbo6.5 and NPRZbo6.7 wavelets are designed using non-perfect reconstruction. The low pass decomposition filter is even symmetry about zero location. But the 'PRZbo6.6' wavelet is even symmetry about 1/2 location. So the offset of edge in multiscale occurred. It is the reason that the detected edge points of 'PRZbo6.6' wavelet are more than 'NPRZbo6.5' and 'NPRZbo6.7' wavelets.
Computation time:
The computation time of NPR Zbo6.5 wavelet is less when compared with other wavelets.
5 PSNR: The PSNR is high for non-perfect reconstruction biorthogonal NPR Zbo6.5 wavelet when compared with other biorthogonal wavelet. So performance of NPR Zbo6.5 is superior in terms of PSNR. 
Conclusions
In this paper, the non-perfect reconstruction-based biorthogonal wavelet is designed for edge detection of X-ray images. The process to construct non-prefect reconstruction biorthogonal wavelet is presented which is based on parameterised algebraical method. In the process of design, the perfect reconstruction condition is relaxed. Importing two kinds of parameters, such as sign factor and scale factor, the non-perfect reconstruction biorthogonal wavelet can be designed easily. The sign factor is used to change the main characters of wavelet, such as waveform shape. Another is scale factor, which is used to adjust waveform in detail. If sign is same, the convergence of low pass filter can be improved by increasing the factor. And the energy of wavelet is more concentration. In multiscale decomposition, the low frequency energy of image can be transmitted effective. Using this method, the desired characters of biorthogonal wavelet such as support interval of filter and symmetry and vanishing moments can be selected, The process of construction is simply and flexible. The low pass decomposition filter bank of non-perfect reconstruction wavelet is even symmetry about zero location and odd support interval. The non-perfect reconstruction biorthogonal wavelet NPRZbo6.5 wavelet is superior than perfect reconstruction biorthogonal wavelet for edge detection of X-ray images. It has good visual quality, high PSNR, less computation time. The non-perfect reconstruction biorthogonal wavelet has high accuracy of edge location, high efficiency of edge detection. The edge detection results of Non-Perfect Reconstruction biorthogonal wavelet have good visual effect than perfect Reconstruction biorthogonal wavelet. The NPR biorthogonal wavelet can only be used in edge detection because of non-perfect reconstruction property.
